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ABSTRACT 
An Electronic S a t e l l i t e  Image Analysis Console (ESIAC) 
i s  being employed t o  process imagery fo r  use by USGS 
inves t iga tors  i n  several  d i f f e ren t  d i sc ip l ines  studying 
dynamic hydrologic conditions. 
for s tor ing  reg is te red  image sequences i n  a magnetic video 
d isc  memory for subsequent r e c a l l ,  enhancement, and 
animated display i n  monochrome or color.  Quantitative 
measurements of distances,  areas, and brightness p ro f i l e s  
@a31 be extracted d i g i t a l l y  under operator supervision. 
I n i t i a l  r e s u l t s  are presented f o r  the  display and measure- 
ment of snowfield extent ,  g l ac i e r  development, sediment 
plumes from estuary discharge, playa inventory, phreatophyte 
and other vegetative changes. 
The ESIAC provides facil i t ies 
1 a INTRODUCTION 
An Electronic S a t e l l i t e  Image Analysis Console (ESIAC) providing 
te lev is ion  animation, ed i t ing  and video processing capab i l i t i e s  
has been i n  use  by Research Meteorolog'sts a t  SRI s ince  ea r ly  1967 
primarily f o r  analysis  of ATS imagery. During 1972 a new console 
was constructed having design fea tures  spec i f i ca l ly  or iented towards 
the needs of ERTS. A s  pa r t  of the NASA ERTS-1 program t h i s  new equipment 
i s  being u t i l i zed  t o  meet the da ta  processing needs of a group of ERTS 
pr incipal  inves t iga tors  within the  U.S. Geological Survey (Water 
Resources Division) operating i n  widely diverse spec ia l t i e s  but all par t  
of the W,R.D. program i n  Dynamic Hydrology. 
The basic object ive of t h i s  equipment i s  twofold: F i r s t ,  i t  
attempts t o  present the imagery i n  a form tha t  w i l l  show up, or hope- 
f u l l y  even emphasize, the phenomena of i n t e r e s t .  Occasionally t h i s  
display function alone can contr ibute  enough t o  understanding tha t  no 
more i s  required. Frequently, however, there  i s  a l so  a need f o r  a 
second function--that of extract ing quant i ta t ive  measurements from 
t h e  imagery, 
sequential  presentation of regis tered images--time lapse series, f l i c k e r  
* 
The pr incipal  image enhancement technique i n  the ESIAC, i s  rapid 
* The work reported here is being performed under NASA Contract NAS5-21841. 
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comparisons, and the l i k e ,  Additional image enhancement capabi l i ty  
i s  provided through cont ras t  and polar1 ty  manipulation, easy scale 
changes (zoom), and false-color display of mult ispectral  imagery. 
amplitudes are made under operator guidance and may be output i n  d i g i t a l  
form. 
2. HARIIWAIEE 
Quantitative measurements of distances, areas, and s ignal  
The equipment is  i l l u s t r a t e d  photographically i n  Figure 1, and 
i n  block diagram forn i n  Figure 2 .  
grouped by function i n t o  four pr incipal  categories:  Input, Storage, 
Processing, and Output. 
I t a s  i n  the block diagram are 
Data input  is  nearly always v i a  pos i t ive  f i l m  transparencies, 
though other media can be accommodated. 
input s t a t i o n  is f i t t ed  with a high qua l i ty  Vidicon camera, 
ten-to-one macro-zoom opt ics ,  and 8, system of micropositioners 
and reference gra t icu les  t o  aid i n  reg is te r ing  new images t o  
those previously stored, Overhead i s  a second Vidicon camera 
which is used f o r  input t ing hard copy maps o r  pen marks made 
by the operator. Another input  is  x, y posi t ion information 
f o r  the e lec t ronic  crosshairs ,  o r  cursor,  whose locat ion 
i s  controlled by a track-ball i n  the desk top. 
Storage memories are located i n  the base of the console, and 
the memory controls  are on either side of the main display. 
A 16" analog magnetic video disc recorder is  f i t ted w i t h  two 
moving head channels, each channel capable of s tor ing  up t o  
300 addressable 525-line TV frames. 
independently o r  i n  unison, at easily cont ro l lab le  rates. A 
third memory un%t, now under construction, w i l l  be so l id  
state and w i l l  hold one frame of binary (two leve l )  imagery 
f o r  masking functions tha t  w i l l  be discussed later. Small 
7-inch TV pic ture  monitors (preview monitors) are permanently 
connected t o  show what images are avai lable  from the camera 
o r  memory channels . 
In the Processing sect ion i s  a video mixing panel, which 
permits pos i t ive  o r  negative amounts of video s igna ls  from 
any o r  a l l  of four  input  channels t o  be merged i n t o  a 
composite s ignal  t o  be viewed on the main black and white 
p ic ture  display.  
Three video l eve l  decision c i r c u i t s  are shown. Each of these 
is r e a l l y  a fast one-bit Analog t o  Digital converter having 
an adjustable  threshold level .  The binary video s igna l  can 
be displayed as an Image photographed, stored, superimposed 
onto other  images, 'or the t o t a l  number of TRUE picture elements 
i n  the frame can be counted by the d i g i t a l  counter. 
Output devices include the main p ic ture  monitor, a color  display, 
a d ig i ta l  counter, an oscil loscope f o r  monitoring video 
The transparency 
me heads may be stepped 
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waveforms (e.g., individual radiance p ro f i l e s )  and a tele- 
printer--for recording dis tance and area measurements made 
from the display. 
The color  display has been found t o  be extremely useful i n  ana- 
lyzing ERTS images, It has separate,  simultaneous inputs  f o r  red, 
green, and blue channels. Thus high qua l i ty  three-primary false-color 
displays can be achieved by connecting the three inputs  t o  reg is te red  
images from the  A disc, the B disc, and the camera. Alternatively,  
by dr iving both the green and the blue channels from the same source, 
two bands can be compared i n  a two-primary, red-cyan system. This is 
the operating mode tha t  has been found most useful to date. A 
pr inc ipa l  reason f o r  t h i s  choice is tha t  with the present equipment, 
two bands can be viewed i n  t i m e  lapsed color (by stepping A and B 
disc channels together) w h i l e  three cannot. Additionally, however, 
two-band comparisons tend t o  be inherently easier t o  comprehend than 
three. 
has been found t o  be both dramatic and highly meaningful, while the 
incremental subject ive value of the  next s t ep  t o  three-band co lor  i s  
much more questionable 
For many purposes, the step from monochrome t o  two-band co lor  
3. APPLICATIONS 
A s  an example of the ESIAC capabi l i ty  w e  w i l l  ou t l ine  an approach 
t o  a problem of considerable practical importance--that of measurement 
of snow cover from ERTS imagery.* 
image transparency for the band showing the best snow-surround contragt-- 
perhaps MSS band 5. A video l eve l  decision c i r c u i t  i s  then used t o  
i s o l a t e  and count a l l  those p ic ture  elements which are br ighter  than 
some appropriately chosen threshold level .  
One procedure f o r  choosing the threshold l eve l  i s  t o  electron- 
i c a l l y  superimpose the binary mask image obtained from the l eve l  decision 
c i r c u i t  (LDC) onto the f u l l  tone scale image so tha t  it i s  displayed 
opt ional ly  either as an excessively w h i t e  h ighl ight  or as an abnormal 
brightness reduction. The operator then ad jus t s  the decision threshold 
u n t i l  he achieves a match between the TRUE port ion of the binary mask 
and what he judges t o  be the snowfield. 
When clouds, fog, or haze are present the problem of defining 
the  snow cover becomes much more d i f f i c u l t .  Ident i f ica t ion  is apprec- 
i ab ly  easier when the co lor  display is used, but by far  the most 
powerful device, when it can be employed is the time-lapse capabi l i ty ,  
using imagery of the same scene taken at d i f f e ren t  t i m e s .  Permanent 
fea tures  such as snow can be read through an astonishing amount of cloud 
The basic procedure i s  t o  scan the 
* This example i s  selected from work being performed f o r  Dr. Mark F. 
b i e r  of the USGS Water Resources i n  Tacoma, Washington. 
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c l u t t e r  when the latter can be made t o  move while the former remains 
r e l a t ive ly  fixed. 
To map or measure the p a r t i a l l y  obscured areas, w e  are experi- 
menting with methods of manually ed i t ing  the video-derived binary 
thematic masks while the mask is being observed superimposed on the  
time-lapse display. 
For one current  project ,  an important task is t o  pa r t i t i on  the 
snowpack i n t o  specific drainage areas. Figure 3 presents data f o r  a 
portion of the North Cascade range i n  north cent ra l  Washington. The 
first panel defines a spec i f ic  drainage basin of i n t e r e s t  by an elect- 
ronical ly  superimposed out l ine  derived from a hand-drawn mask prepared 
with the  aid of a contour map used t o  loca te  the ridges and high points  
surrounding the basin. 
masks ( w h i t e )  r e su l t i ng  from logica l ly  ANDing the outputs of two Level 
Decision Circui ts ,  one used f o r  thresholding the  band 5 signal a t  the 
indicated leve ls ,  and the other  used t o  der ive a clean basin image 
(grey) from the hand-drawn map. 
of p ic ture  element count i n  the w h i t e  regions t o  the p i c tu re  element 
count f o r  the t o t a l  basin. Masks of t h i s  type are being compared (by 
superposit ion) t o  both monochrome and color  imagery and t o  ground t r u t h  
surveys i n  an e f f o r t  t o  r e f ine  the ru les  f o r  specifying optimum thres- 
hold se t t ings .  I t  is obvious that cri t ical  r eg i s t r a t ion  of the 
drainage out l ine  map t o  the ridge l i n e s  i s  an essent ia l  part  of accurate 
measurement, and the  console i s  w e l l  adapted f o r  that task. The scal ing,  
r eg i s t r a t ion  and superposit ioning capab i l i t i e s  a l so  permit synthesis 
of composite images such as tha t  i l l u s t r a t e d  i n  Figure 4 which shows 
an ERTS image of M t .  Rainier plus  1000 foot  e levat ion contours taken 
from a topographic map. 
M r .  Fred Ruggles (USGS Water Resources Division i n  Hartford, Connecticut), 
the  ESLAC i s  being used t o  enhance the v i s i b i l i t y  of pa t te rns  caused 
by the suspended sediments i n  the waters of the Connecticut, Thames, 
arid Housatonic Rivers i n  order t o  study the  mixing pa t te rns  of es tuar ine 
discharges i n t o  Long Island Sound a t  d i f f e ren t  phases of the tidal cycle.  
Suspended sediments i n  the waters of the Sound increase the r e f l e c t i v i t y  
s l i g h t l y  and act as tracers. The r i v e r  discharge plumes are v i s i b l e  
from space as sub t l e  modulation of the sediment pat terns .  For t h i s  
work, the i n t e r e s t  is  almost en t i r e ly  a t  the lowest end of the radiance 
scale, and best r e s u l t s  have been obtained by working from negative 
transparencies, invert ing them t o  pos i t ive  images e lec t ronica l ly  when 
required, and using the e n t i r e  brightness gamut of the video system t o  
enhance only the first two or three s teps  of the grey scale range. 
object ive is t o  assemble a time-lapse sequence from port ions of scenes 
imaged a t  d i f f e ren t  t i m e s  i n  the t i d a l  cycle ,  (2) Dr. Raymond M. Turner, 
USGS Water Resources Division o f f i ce  i n  Tucson, Arizona is  studying the  
d i s t r ibu t ion  of phreatophytes and other  Arid-Land p lan t  communities. 
For h i m  the equipment i s  being used as a v e r s a t i l e  color  microdensito- 
meter t o  prepare radiance p ro f i l e s  along spec i f ic  t ransec ts  f o r  
individual bands (Figure 5) and f o r  radiance differences between bands. 
The remaining panels of Figure 3 show binary 
The area f igures  shown are the r a t i o s  
Three addi t ional  appl icat ions w i l l  be described br ie f ly .  (1) For 
One 
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These p ro f i l e s  can then be studied i n  t i m e  lapse along w i t h  the  imagery, 
(3) f o r  Dr. C. C. Reeves, Jr. of Texas Tech. University ("Dynamics 
Playa Lakes f n  the Texas High Plains") w e  are using the area-meas 
capabi l i ty  t o  compile statistics on water areas within spec i f i c  playas 
and t o t a l s  f o r  the hundreds of others  within an ERTS frame. Addition- 
a l l y ,  the  t i m e  lapse capabi l i ty  is  being u t i l i z e d  t o  search f o r  pa t te rns  
i n  l ake - f i l l  d i s t r ibu t ion  that might cor re la te  
meteorological, or seasonal conditions. 
4. CONCLUSIONS 
While ERTS sequences have not yet  become avai lable  i n  su f f i c i en t  
length f o r  f u l l  exploi ta t ion of the trend-enhancing power of 
lapse technique, a significant amount of experience w i t h  image 
already received has provided convincing proof tha t  much of the  da ta  
now being accumulated w i l l  be extremely w e l l  su i ted  f o r  such analysis.  
competing w i t h  photographic p r i n t s  i n  cost ,  convenience, and image 
qual i ty  nor w i t h  computer processing of d i g i t a l  tapes i n  the precision 
of f u l l y  object ive measurements. Although the  equipment described here 
provides capab i l i t i e s  that  do extend surpr is ingly f a r  i n t o  the realms 
of both of these mutually exclusive techniques, i ts  grea tes t  and v i r t u a l l y  
unique u t i l i t y  l i es  i n  providing rapid and extremely v e r s a t i l e  coverage 
of a la rge  middle ground of ana lys i s  tasks--particularly those t h a t  can 
benef i t  from sequential  or simultaneous display of numerous images, and 
from in t e rac t ive  guidance by the s c i e n t i f i c  invest igator ,  For this 
purpose w e  have evolved a system that w e  believe provides reasonable 
trade-offs among the competing fac tors  o f  operating s implici ty ,  processing 
volume, accuracy, maintainabi l i ty ,  and cost .  
A t  the  NASA ERTS-1 SymQosium, March 5-9, 1973 a color  movie was 
presented using a series of ERTS-A frames t o  depict  the changes w i t h  
t i m e  of the areal coverage of snow as w e l l  as changing coverage and 
co lo r  of vegetation and crops. 
Electronic  viewing/measuring equipment should not  be regarded as 
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FIGURE I ELECTRONIC SATELLITE IMAGE ANALYSIS CONSOLE (ESl AC) 
INPUT STORAGE PROCESSING OUTPUT 
TRANSPARENCY 
DISC MEMORY 
F I G U R E  2 BLOCK DIAGRAM OF ESlAC 
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GRAY STEP 8 21.4'/0 OF BASll i l  GRAY S T e P  B 31.0% OF BASIN 
Fig. 3 Areal Distribution of Rad% nae above ThreshoZd for 2 September 1972 
Band 5 ( . 6 - . 7 ~ 1  
Display of Mt. Ra ton for 29 July 1972 30-km 
Section of ERTS I 8260 -5 e 1000 f t Contours 
Electronically S u p e r i m p o ~ ~ d . C ~ ~ ~ ~ ~  Contour is  for 14,000 f t  
c 1 6 7 k m  .- 
Fig. 5a Radiance Profi le  along MINE Transect i n  Arizona Desert (ERTS-1 
Frame 1102-17280-5) Vertical Scale and dc L e v e l  same as for 





(MIN  RADIANCE) 
Fig.  5b Video Signal Response for Scan Across Calibration Grey Scale 
of Posit ive Transparency used for Fig. 5a 
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